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" I. Introduction

-
at

. - Moo , )
During the academic year 1972-73, theﬁNatural Sciences Faculty

-

of the UPR Rio Piedras campus, offered to sixty of its selond year

students an interdisciplinary course under the name "Natural Sciénces

. R i a . ’ 9
lOl 102". This course substituted the normal introductory oourses

2

in Blology, Chemlstry, and Phys1cs which are requlred for all stu-

»

- ”dentsvin Natural Sciences. Professors from the three departments

@

concerned collaborated in the design and implementation of the

S
course which was administratively assigned to the Dean's office.

-

- : 7 onomic support for the development of the colirse came from

<

a graut or $10 000.00 from the Department of Health qucatlon
and Welfare (HEW) of the Federal ‘Government, matched by the ~-UPR
in Facu]ty salaries and services. needed by the program.

The idea of an interdisciplinary course at an introductory -

level is not new,aand there art numerous antecedents. Consldcrlng

- )

. oo ' only the ‘North Amcrrcan Educational System in the last ten vears:

ae

o

one flnds Nore than 40 institutions Wthh have offered interdisci- -

pllnary courses . in Natural Sciences Wth very varltd programs, for-
- .mats and objectlves.‘ In gcntral the results of these experiments . .
have not been very strlklng -In.Spite of this,,a course ofrthisf
. nature offers suff1crent educatlonal p0°51ollltlcs to justify its
use, espec1ally keeplng in mind that there do not OXlot unigne and
e\cluclve ‘solutions to problems in teachlng ' S P -

Prescntatlons Wthh were made in proposing the courso stem .

in- part from general educatlonal problems and in part from speeific

problcms in the toachlng of the Latural Seiences Paculty of the UPR
"in Pio Piedras. Basically they can be surmarized in the following -
form:

S _ Y




1. For .years the educational tendency has been to specialize

the students atl: the earliest stage ossiblef This ;rocess hao ‘ S0
2 ge p P .

. 2 ¢
I N »

_reached such a point that‘the,studentsﬁehter the facult§ decided

to’specialize in a predetermined field, knewing almost nothing -
apout what it consists’ of, agd ignoriug‘aimost completely the
options which tHey?areqiagéggﬁ%%emselves as a consequence of
thls dec1s1on. . | | |
2. The separate introductory courses in Blology, Chemistry
and PhySics upknowingly support the natural tendency of the stu-

dent to give prierity to the material in which he thinkshof spe— -

cializing, to the detriment of the other basicocourses. _This

bproblem can be seen in its full dimension if wé roallfe that in

our partlcular case the student 1s not requlred to take the three
basic courses 1n hlS flrst year in the facuTty As a matter of

th~ o

fact, S high percentage take two of them, genelally Biology ahd-—
Chemistry or Biology and Physics, leaurng the third for laterfyears.
fhe consequenees are 1n many cases a deficient ‘preparation, a ‘loss
of educational‘opportunity not only at.a personal level but also
at‘anvipstitutional level, aud a delay in completipn of the stu-
deut(s stuaies.

3. It is necessary tp‘cenvince the students that Science is

%

an 1nd1v1s1ble ‘whole that spe01alrzatlop is not a requirement of
nature but a palnful necessity coming from the human 1ncaptc1ty
to absorb all the -fields of knowledge. The idea of unity in’
Sciﬁnce runs a greatyrisk of being lost in'theetraditioual hasic
courses,*siuce these, by their vexry nature; arc-limited to pre-
sentlng oartraT'aspe .'It can occur, as has in fact happoned,

that tht trees hide the wood

"
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4. An integrated course presents, a priori, the advantage of -

‘being able to avoid umconnected and:often sterile repéetitions, which
the separatedicourse.system imposes.: This permits the teaching to
be more‘compact@ func;onal, and‘inpconsequence, more effective. . N ~
In the case of the Natural Sciences Faculty of the UPR this*asoect:
is particu}arly important if we rem%Pber that the different depart-
ments have.availablera minimum number of credit- hours to prepare
thelir students, due to the number of required courses that the stu-
dents must take outs1de the faculty.
* . B s, ¢

s " 5. An 1ntegrated course can serve, with or w1thout modlflca*

tions, for students of other facultles 1nterested 1n a nontr1v1al

introductory course in Sc1ence. For example, it is convenient to -
1ndlcate that the Pharmacy students are. requlrcd to take the basic

«F
courses in Natural Sciences. It 1is also important to keep in 5

o

< mlnd that of the students admitted to the faculty of Natural

Sciences, more than 60% have the 1ntent1on of studying mod1c1ne v

or associated careers. Any reductlon which can be’ ‘realized in

' the basic programs of Natural Science$ without loss of effecti-

-~

. veness in teaching, resounds to the benefit of those studcnts.
k)

&

. . . .
. e - s [

II. Methodology

1. General Characte 1°t1cs
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o The coursg was developed in three'hpur sessions ”

with an intermediate break of 15 minutes, five days a weelk

- - 2 -

for two 'semesters, each carrylng 12 credlts. exactly equal to

r® ’

the number of credrts which are pbtalned takrng the equlvalont

three basic courses in Natural Sciefices. - -

. 2
o .

3

-

*$

“w v

‘The personnel assigned to the program consisted of three

) , e >
fixed professors, four in the second semester, one for each

©

. - A
department ?irectly affected by the project except Chemistry,
which in the second semester'provided two, and a secretary.

7or the presentation of some specific topics the collaboration
. .

was obtained of various professors in the Science Faculty and

7 .

the Puerto Rico Nuclear Centér, appearing as invited lecturers

in the pregfam.

° &

During the first semesterp the three fixed profeesors
vattached td the érogram attended all the eessions} and acti-

<

vely part1c1pated in q;scu551onq in the classroom, making su-’
ggestions and clarlflcatlons on spe01flc p01nts, and alt elnatlng
.in the presentation Qf the topics. In Splte of the excellent re-’
sults obtained, thie systemﬁcouid only be used sporadically in the

second semester due to commitments of the professors in other

N\

. - ;
Tuniversity programs.\\w ¢

t

o

In the presentation of the topics, an open Systew was urad in

which- every one, profossorc and sLudfnl - couid interrupt the

B T

lecture to ask questlong, pres sent C\pJJPaLlonq, Jemonstrations
v . - . ¢ . .

a

LY

B

-

P
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Logue rlonnaJros receilved 215° 1nu1cated lnteres - in participating

obtaining 50% in, the mathematical session of the diagnostic exam

A

. ' id ., '
_or different .examples from those used by the lecturer to clarify

. A - .

a particular point. In the beginning it was attempted to use .

S

the first part of each session to explain'the corresponding o -

-~

-materlgl W1thout interruptions, keeplng the secoénd part for

/ . ' -

.discugsion, questlons, and dlfflcultles. However, it was no- . - )
/ : . J
A 3 . .
=ted mhat ‘this procedure slows up the progress of the course, o 5

q © 8
and tended to leave obscure pOlntS in the expllcatlons which

»

stop the student from:follow1ng the rest of the lecture. Thus,

g : -

" this method eas discarded in favor of the method indicated
4 . : & hd .

above. .Audiovisual techniques were used as much as ‘possible.
B . . L

Almost all the topics covered in the course were handed

over to.the students inh mimeographed from, lea&ing onlyrthe

work of looklng in the library for 1nformat1on on certain spe-

lelC tOpl”S,‘ln which case concrete and” clear references were.

given so that the student could carry out this. work without

difficulty. The reason for'using this method was the impossi—
. ' <

bility of® finding a text which could be adjusted'to the necce-

ssities of the course. . s ' _ . s
. N <

- -

2. Selection of the participating students

In the Spring of l972\all students who had so- .

licited ‘admission to the Natural Sciences Faculty were informed

.

of the existence of the program, thru a letter to- that effect,

-

(sec Appendix 1). -Later, the same students were handed a questlon—
7 ' . !

~ s

aire requesting thelr collaborat%pn, (see Appendix 2). Of 526

4

in the coursc.. Of thesc 100 were automatlcally excluded by not

- ©




s «
&
B
i . . - <

. Al -
. . . ; - -
A B / -»

-

- that .n//;aculty of matural Sciences admlnreteréd to allﬂits T, ;

applicants.‘ This crlterla had geen recommended as a rcouisite /; .

fo&;admiSSionbto.the faculty by the corresponding faculty co— Q' .
. : L oa e "X .

mmittee. (Fortreasone‘which are not 1mportant here, the faculty f{"
- g vy _ o

“‘did not apply thlS conditlon in an 1bsolute way . ln.ltS admission, ~
'\ -

although the course did do this in its selection).
: -~
3

The 115 candidates to the course were called to a meeting,

i A only 60 attended which "automatically eliminated the problem of

having to make a new selection. At the moment of matriculation

only 59 appeared, since one student was called for military ser—»i °

. » ¢ >
&

vice, and of these -three transfered their studies to Universities
v N . . . . -
in the United States during the first wkek of classes.. Thussy

the group was reduced to 57, which constituted the official
‘enrollméhit of the course for the first semester. Appendix 3 °

contains- the list of the 60 students . originally selected, with~ « '

e the academic information which was available at the'beginhing.of-
. . . . S .

. " the school year 1972-73+

o

3. Topics IR . - o

The topics developed in the course canwbe summarized.

3
-

in the follinq outline: ' -/‘ ‘ . :
: 1. Natural Systems: FEcosystems - T ‘
' 2. Macroscopic propertics of Natural Systens

- - : <
« ; o
L - . 4

o - «

‘ Thermodynamics ot . o S
Classical ‘Mechanics . ¢
~ ‘ .
Kinetic Theory of -Gases ) T
e ? Ay
. c Statistical Meéhgnics
_ Interchange of Energy in Living Systems
a L . -




10.

The ElqétrqmagqetiC'Eiéld

“Elementary B rticles

-Moleeular'Structgre: Bonding

Kinetics and Reaction Mechanisms .

.

e
L4 . i
o ¥ i . R -

Microscdpiﬁ Properties of Natural Systems:
¢ . .

v

Waves and Pé;ticles

Quantim Mechanics.
, -

- o

‘2

A%

‘The Nucleus < : -

% v :
The Atom L ; o -

)

. ) . 4 B
Properties of Systems in Agreggated States:

The Sdlid State

The Liguid State | o ‘ -
The G;seoﬁé State ’
The Periodic System: .

3

~

" Elements, Compounds and Transformations

Macromolecular Structures:

Carbon Chemistry ®

/-

Macrombleculeé and PolyméIS'

Molecular B%dstructures . -

b

Ceiular Ultrastructure

. Chemical Dynamics

1 2

Reactions with Proton Transfer
Reactions with Flectron Transfer |,
Cellular Respiration
Photo?ynthesis .
Structure and Fﬁnction of Living Organisims
Homebstaéiéf'Control) Integration and Regulation
Mechanisms B o

1i

I4




. | o Y 11. Mendelian and Populational Genetics

. 12, Organic Evolution
13. Theerigih of Life

vy In Appendix 4 are included the materials delivered to

>

the studentf during the course, as well as the references -

P

D

used or recommended for certaln spec1f1c topics. This shows
h Q
in a concrete way the level and range of the topics indicated

above.
. ' The experimehtal part of the course consisted of -three

Ny ", weeks in the Biology, Chemistry and Physics Laboratories, ca-

a7

rrying out alselection of the experiﬁentsbwhich are used by
. K . 2

ot
'

the students in the regular courges, two sessions over-:the. use:
Yo . . . . N N -

of computers in scientific work, and three special projgcts A

directed by invited professors from the graauate facwlty of
the three departments involved in the progect. (See Appendlx 5.)
o . ;‘,' .. .

(4. Bvaluatdon . ST

e

3

k4

, . In this sectlon tnere are two a%pects in~

volved which;, althoughlllnked, it. is. convenlent to dlfferent~

o . .
“ - ° -

iate from the beginning: the' evaluation of the student, from
. 3 . - - A ) t

the point Of vieéw of. gragde, and evaludtion of the program as '

such.

»The first aspect only suopOses certlfylng, bQE-

a grade, be level of proflclency of the students. 1n che mateljal .
\ covered in« the course. For +this the‘studcnts tooksninelexams,
\ : \ o :
- four in the flrst scmester and flvc in tbe stcond Due to tho

' K]

<"

\ o experlm%ntai nature of . +he ppeqram and thm’numbe? of C“Ouljf
®

[ Y - A » Ve 4 .\




which'Were ipvolved, it was decided that every person Who obtained

.
-

less than 50% of the correct answers-in any of these exams should

a

. v
. be obliged to take a repetitive test as many times as should be

' . ' d ®

neccssary, until they were able to’ demonstrate a minumum know-

N
Il

ledge of‘theomaterial involved in the exam. Students With less

?

than 60% of the correct answers were adviséd that they should

Voluntarily take the corresponding test.  This assured the stu-

»
-

dents that if they made the necessary. effort, thegr grade would

'not be lower than C.. On the. other hand, a student woulo not see

. R e e e ———— e ' >

his average affected by failing one particular exam:\Since he .

Jb

‘would always_have;a second opportunity.

- ' At the end‘of the first semestexr, by an agreement between

the students and ‘the professors, it was decided‘to”gfve then
same grade in both semesters This gave a better perspective
of the progress of each student at “the time of giving the grade

=nd‘helped'students With erratic or defiCient grades in the-.exams

to take the auxiliary test Without great pressure of time. Towards
4 ‘ = - .
, g the end of the second semester, at the petition of the students,’

h . v . - . <

the corresponding academic authorities authorized the use of the
grades "Pass or "Fail" in place of the five normal grades. “The

8 reason for this decision Wlll be discussed further on in this re-
port. Under these c1rcumstances all the partLCioating studcnts ob- -

- R
£ < LY

tained &he grade of’"Pass” in.both semesters. . . ) a

3

.

The second aspect of the evaluation, that of the program;

4 . . . . . P . & ©
assumes determining its efficiency, not only in preparing stu-.
: dents to take more advanced courses, but also in prov1dino them

w +

¢ with firm and clear criteria-both in the sc10ntific and humaw

£

N &




aspects ‘This haS‘serious difficulties, since on one hand; it
requwres the proressors to be judges oé their own WOrk, on the
other hand,-che methods of measurement which have been used are-
always 1nd1rect, and plagued with a high degree of uncertainty.
In addition the precise evaluation of- the program needs a follow-
‘up of the participants. The results of this survey are obviouslyr
not available at this moment. | |

‘Tables 1 thru 9 -and the corresponding graphs,lshow the

statlstlcs for the- 1nd1v1dual exams, without taklng into account

< the complementary exams. - Table 10 shows a summary of .each se-

mester separately and the complete course. All the exams were -

- B

‘multiple choice, since this helped extraordinarily the analysis
of the results. In no case mas the index of reliability lower

than 0. 80 Analys1s of the results of the individual exams, (see

figures 5 and ll), gives a clear picture of homogenelty except in
two casées: One in the flrst semester, which is above average, and
'the‘other in the second semester, which is below average. The same

. L ‘ .
Lomogeneity appgars on comparing the results of both semesters and

I

the stotal of the course. ‘The“small discrepancy which ekist between

the res sults of both somesters (the average of the flrst is hlgher

than that of the sccond) can be attrlbuted to the change of the

<

system ol presentatron'of thHe topics which was indicated in sec-

tion 1, as well as,the perturhing effect of the two eXams which

R

were out of the normal range. B

¢

Ii we teke 50% as the lnrerlor limit of thc grade of C, we
find th:it the number of students thh D, ¥ or leaving the course,

1.opr 2 ofjthe 56, (3.5%),“during the first semester, 3 out of 54,

LA
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“  Test No. 1 15% semester

No. of students cqpsidered: 50

No. nof items in the sxam.s 60 , fleans 39.20; Stand.dev.18.62

&

Grade | Grade(%) Freguency Frequency(%)
! ‘ . . :
58 97 . 1 2
55 92 1 2
53 88 1 2
52 85 1 2
50 - = 83 1 2
49 82 4 8
48 80 1 2
47 78 1 2
R 46 -7 ? 4
45 .75 1 2
44 73 3 - 6
" 43 72 1 " 2
42 70 1 2
40 67 3 6 *
39 65 5 10 .
38 53 - 4 8
37 62 2 4
36 60 1 2
32 58 2 4 -
34 57 2 4 "
- 33 55 -1 2
32 . 53 1“7 2
31 52 o1 2
30 - 50 -1 .2
29 48 2 4°
28 47 2 4
o 27 © 45 1 2
24 - 40 1 2
22 37 1 2 )
19 32 1 2-
@ . TABLA -1 .
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Test No. 2 _ 15t semester
QL .
° No. of students considered : 50

No. of items in"the exam.: 35, Mean: 25.8 , Stand.dey.:14.57 v

n

-
.

~ Grade Gpade(%) Frequency Frequency(%)

' . 33 94 2, 4
32 - 91 1 "2
31 89 3 6
30 86 3 6
29 83 7 <14
.28 80 2 4
27 - 77 5 10
768 74 5 10
- 25 71 2 4
<24 67. 6 12
23 - 66 3 6
22 63 2 4
% " 20 57 2 4
19 54 2 4
18 51, 2 4 .
15 43 2 4
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Test No. 3 lSt Semester

No. of students considered s 49

No. of items in the exam.: 80, eans65.75, Stand.dev.x6231

Grade. Grade(%) Frequency.Ffequency(%)

4 93 3 6.12
73 91 2 4,08 c
72 90 3 6.12
71 89 2 4.08 .
70 88 = 3 6.12 v
69 86 3 6.“12 ) )
68 85 6 12.24 - .
‘ 66 83 4 8.16
- 65 81 3 6.12
64 80 > 4. 08
63 79 . 3 6.12
62 78 3 6.12 -
61 76 1 . 2.04 .
' 60 75 2 4,08 .
o 59 74. 2 4,08
” " 54 68 1 2.04
47 59 1 2.04
. 51 1

41

&

TABLE 3

2.04
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Test No. 4 15t semester

No. of students considered :1 49

No.‘bf items in the exam.: ZU,Mean:l7.1;,Stand.dev.xd.B?
“Grede Grade(%) Frequency Frequency(%)‘
.30 16d 1 2.08 o
25 83 2 4,16
24 80 4 8.33
23 77 2 4 18
~ 22 73 s 10. 41
21 - 70 1 2.08
' 20 67° 3 - 6.25
% - 19.” 63 3 6.25
18 - 60 2 © 4,16 : :
17 57 4 8.33 , .
16 53 4 g.33 "
15 . 50 4 8.33 ,
14 47 3 6. 25 . /
13 7 43 4 8.33 :
- 12 40 1 2.08
11 37 1 “2.08
10t 33 2 4.16" .
9 . 30 2 4516 “
¥
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Test No. S5

No. of students considered & 46 3

No. oF_itéms in the exam.{'SO, Maan: 39,96, Stand.dev.x 4;0?_,

P
ol

Brade

~

a7’

46
45
44 .
43
42
41
‘40
35
38
37
36
34
32
31
29

Ficd

' Z”d Semester S }

Grade(%) Frequency Frequency(%)

A H : |
94. 1 2.17 | e T
92 - 1 2.17 S - B '
90 4 8.69

88 .- 4 8.69
86 - 1 2.17
84 6 13.04
82 6 13.04
80 5 10.87

+ 18 5 10.87
76 2 . 4.34

. 74 1 2.17

' 72 5 10.87

168 2 4.34
64 1 2.17 -~ -
62 B 2,17 . -
58 1 2.17 N
e - e
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NS : . Test No. 6 an.sl‘em-es'ter. . : N )

e . | A ‘ S

i . v No. of students ‘considered : 572

| No. of items ih.the test: 35 ; Mezn:.24.51, Stand.dev:15.04
. v : : : ) : -
@ g ) . ’ . R 4 . ‘ . ’ v 25
t - o Grade Grade(%)" Frequency. Frgquency(%)

S 32 91 .
. 39 .- B6-
29 - 83
28 ) 80
P i
, - 28 P
i 25 ~. 71
. D 24 69
. : e 23 66
: o 22 63
" 2% 60
20 57
- 18 . 151
17 ; 49
14 40
12 34

"é\ . ' : " ¢

s 3.84
: ©.5.767 ¢ | “
o 7.69 o
11.53 ' : -
11.53
3.84
5.76 . , |
9.61 i ]
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1.92
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3. 84 |
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&
Test No. 7 . 279 semester
No. of students considered i 46 N °
. Nb. of items in the test:95 , Meani55.61 , Stand.dav.:ll.73
Grade Grade(%) Frequency Frequency (%)
- B0, 84 1 2.17 C
- .78 . 82 2 4.35 e
-T2 76 1 2.17 - .
’ 71 75 1 2. 17 . -
%0 74 1 2.17 )
68 72 2 . © 4,735
67 71 1 2,17
65 68 1 2.17
64 67 2 4,35
: 63 66 1 2.17
’ 62 65 3 ’6.52
. 6) - 64 1 2.17
60 63 1 2.17
59. 62 2 4.35
55 58 4 8.70 X
54 - 57 3 "6.52 o
53 56 - 2 4,35 o
.. .51 .. 54° 1 2.17 :
50° 53 1 2.17
49 52 1 2.17 -
v 4B - 51 1 2.17°
. 47 49 2 4,35
46 .48 1 2.17
45 . 47 2 . 4,35
44 46 1 2.17 e
43 - 45 1 "2.17 ‘ =
42 . 44 1 2,17
41 ° 43 1 . 2.17
38 40 1 2,17
36 . 38 1 2.17
- . 34 36 1 2.17 - ,
K 31 33 . 1 2.17 . _
o ~YT_{?
S ,
' TABLE 7 -
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Test No. 8 ‘Q'an Semester
No. of students considered & 50"

. No. of items in the test:27,Meant14.13,Stand.dev. :4.30

k1

=

Grade Grade(%) Freguency- Fpqugncy(%)

@ -
3

25 93 1 2
22 81 1 2
21 78 1 2

20 74 6 12 s

19 . 70 1 . ) 2 .

) , - 18 67 2 . 4
) - 17 . 63 4 8
| - - 15 56 4 5
- 12 44 6 12
19 . 41 K 5
10 37 ' 5 10
5 19 1 2
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‘Tast No. 9. - 2nd Semester

No. of students considered: 34

4

No. of items in the test:100,Means67.41,5tand.dev.:10.50

Grade Grade(%) Frequency Frequency(%)‘v

2.94

91 91 1
87" 87 2 5.88
82 82 1 2.94
79 79 1 2.94
78 78 2 5.88 . \
R 2 5.88
74 74 1 2.94
72 72 2 5.88
71 71 1 $2.94
70 70 2 - 5.88
66 . 66 2 '5.88
65 65 2 5.88
64 64 3 8.82
: B 63 a3z, 5 14.71 -
. ' 58 . .58 . 1 2.94
: 56 56 2 5.88
53 53 1 2.94
49 49 1 2f94
44 ' 44 1 2.94
42 42 1 2.94

t

€
I
3

TABLE 9 . - .
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J R R s

o

. . ' . o A

oo v'.‘ I " Y .
Term Grades and Final Grades in Percents - ’

o - _First Semester "Second Semester Mean both semesters. .
NoOF O F(R)Y N F F(%) . NTF O F(R)
907 1 1.85 , 92 1 1.85 91 1 1.8S
89 1 1.85- 86 1, 1.85 : .. 87 1 1.85
86 1 1.85 ' 82 Y 1.85 ' - 83 1 1.85
84 1 ‘1.85 - - =81 1 1.85 ‘ - . .82 1 1.85
83 1 1.85 - 80 " 1 1.85 : 81 2 3.70
82 1 1.85 .79 1 1.85 ' 80 2 3.70
81 1 1.85 78 2 3.70 ‘ \ .18 1 1.85
. . 80 5 9.25° 76 3  5.55 - .11 2 3,70
79 1 1.85 75 1 1.85 76 1 1.85
78 2 3,70 74 2 3.70 - 74 1 1.85
7 01 1.85 o071 1 1.85 , 73 2 3.70
76 - 1 1.85 70 1 1.85 72 2 3.70
75 1 1.85 - 69 4 7.40 - . 71 3 5.55
74 1 1.85 - 68 2 3.70 - BN 70 2 3.70
73 -1 1.85 67 4 7.40 69 3 5.55
72 3 5.55 - 66 2 -'3.70 . 68 3, 5.55
71 1 +1.85 65 4 7.40 67 2 3.70
70 3 5.55 . 64 2 3.70 66 1 1.85
~69 5 9.25 63 2 3,70 ! 65 &  9.25
68 3 5.55 62 1 1.85 64 . 1 " 1.85
66 2 3.70 61 1 1.85 , 63 3 5.55
65 2 3.70 60 1 1.85 . <, 62 1 - 1.85
62 2 .3.70 59 '3 . 5.55 , 61 2 3.70
61 1 1.85 - 58 2 3.70 E 60 1 1.85.
60 3 5.55 . .57 1 1.85 ) 59 1 1l.85 -
59 1 1.85. 56- 2 3.70 58 1 1.85.
58 2 3.70 55. 3 5.55 57 2 3.70
- 57 1 1.85 52 1 1.85 ' 56 2 3.70
55 1 1.85 . 48 . 2 3.70 _ 53 2 3.70
54 1 1.85 . 47 1 1.85 52 1 1.85 .
52 1 1.85 . . 49 1  1.85
51 1 1.85 ' ' '
50 1 1.85 .

Rl [ P ————— ——

N szradQS(%) ;, F :+ Frequency . (No. of students considered:54)

1st Semestér t+ Mean:70 , Median:70
ond Semester : Mean:65 , Median:66 o
Both Semesters : Mean:f§8, Median:68 R

1o

TABLE 10
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4(5.55%),vduring the second semesteér, and 1.out of 54, (1_35%y’f ;
for the complete course. .- o . |

If we take 609 as the lower level of the C grade, the co-

(=3

rresponding values as in‘the previous paragraphs are’ll out of
56, (19.64%), din,the first semester, 15 out of 54, (27.77%), in
- the‘second‘semester, and lb out of 54, (18;51) for the complete
course. . v‘ |

In the equivalent regular courses the correspondingaper— T .

centages of students wlth D, F or leaving the course are for .-

the first semester, as shown in the follow1nq>table £

Xear' Biology Physics .-Chemlstry ' N.§. Faculty
© 1969-70  32.4%  26.09% ° 12,757 40.50% .
. . 1970-71  31.0% 28.55% 43.98 - 38.80%
1970-71  29.9%  23.06% 40.0% . " 38403

ns . - . - . . )

%

The comparison between the data for the Faculty”and that

e

. - . . o !
for the experimental,program can be seen in,an even ctlearer pers-

&
pectlve if we take into account that the majorlty of the students‘
° . “do not normally take the three baslc courses s1multaneously

o It is, nevertheless, a very 1mportant factor when we come
to conslder the almost total:absence of persons dropplng the,
course, (two in the first semester and none in the second), in i

e

the 1nterd1sc1pllnary course compared to the 25% loss suffered by

the different .courses in Natural Sc1ences Faculty on an'average

"

i

* Annual report of the Faculty of Natural Sclenccs, UPR, Rio-
Piedras, 1971-72. Data was not avallable for the Becond semester
oxr for the wholc year. : : _ v

e .




‘durlng years 1969, 1970, and 1971. To op the’experimental#hf
l:w)‘,'
course during the first semester assumed the* delay at least

‘of one semester ‘in the date of graduation. To do this during

the second semester would involve a delay in graduatlon of not

kg// less than one year. \

In terms of material, the interdisciplinary course allowed

» .
s . [
Ky ! . 3

$ the, covering of a larger number of topics - in greater‘detail
in many cases than 1is normally permltted by the structure of

the separate courses. On the other hand thesexperlmental

[N

part was not 1ntrrely satlsfactory, essentially due to lack of

k] plannlng in the use of- the phys1cal rac1l1t1es which caused e
r - (§- -

.thefexperlments to haze to be carrled out either in- a hurry, or .

- out of sequence. Nevertheless, it was noted that in the expe-

riments taken from the regularPlaboratorles, as well as  in the

“«
- . l

- three spec1al progects under the charge of the graduate faculty.

° ~
+

/
better numerlcal results, were obtained, and the understandlng of .

<
-

RS N * ' B “\
,expegimente~waS‘better than might haye been expectedﬁ One fundaw .

- .4

n

mental reason for thlS is that all of the experlments were carried.
.

out in the second semester, when the student haQ the necessary back- °¢

ground to understandnwithout any°great difficulty what is involved
i - * .I . . Ry .+
in the experlment , AT f
“ ! : -
. Cnie essentlal element of judgement at the moment of oetermln—
B ' ’ ? - ¢ z\;

Ing the success or failure of the experlment

4

or course} ‘ is the qualrty of the part1c1pat1ng students. A

program Ulth seleeted students has thereby a. guarantee of .not

LI

failing, espec1ally 1f we remember that the part1c1pants in any.

N i

educatlonal ekpcrlment given the spec1al attentlon that thcy

@

recelve, re converted naturally 1nto a select group with a feeling

EBiqi. o | , .n ) ‘,. 41 ‘-fl | | e

¥
‘ .
=4 “,
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‘matics section of the diagnostic entrance exam for the Faculty, as .-

- to study medicine was slightly greater than

3

+ O

of

2

eing "above average” no matter what might have been the quallty

-~

of thelr prevrous preparatlon. In the case that we are cons1der1ng,

@

the.gsoup in 1'tsel*: Was,qulte representative of the students ad-

mitted to the Natural Sciences Faculty, even~in their future as-

pirations. In the adjoining table 1s shown the grade, (as a per-

centage) ; obtained,by the students originally selected in the Mathe-

B
E- .

L

well as the major that they were thinking of following at that. : d
moment. | .
: GRA-DES- %)
g . ’ ?
51-60  61-70 .71-80  81-90Q 91~-100 ;
STUDENTS
Number - 14 13 23 9 1 2 .
Percent ‘23 22 38 | 15 , 2 ' | :
Major Biologv Physics ~Math. Chem. - Medicine Undecided“—
. NumPer 12 ’hl, 4 5 . 37 %;? 1 ‘ )
'Percent_ﬁ 20 2, 7 8 ¢ 61 2

3 . . ) . ”
: mo | |
In' the Mathemat%cs section of the entrance examination the

average:fpr the Natural Seciences s;udents was a little lower, due

to the‘admission of.students with grades below the originally
R

recommended limit of 50% ~Nevertheless, the percenLage of the

students’ admltted to Natural Sciences who were plannlng eventually
those in the course,

. ) ‘ N | ) . \
the numbers for the ctherx majors being practically the same.

,,,,, e g

The unanimous impression of all of thc part1c1pat1ng pro—

fessors 1n,thc prOgram is that the students presented a llvely




.

" than the normal sections that.one meets in the Faculty at this

~level.

~of questrons used by the departments of ;ology, Chemlstry, and
- 3 -

“attended b§ 41 students, 13 were excused from attending since‘they

“the total was due to mechanical'problems in the correction of the

~courses. NeVertheless,'quaIitatively it can be said that the

|

and active image, with a group spirit, and were more demanding

2
/

ot

‘After the course was finished and their grades-were officialiy

.

reglstered the part1c1pat1ng students were offered an exam composed
» 4 -

PR

J T ——
'PH?EECS in their exams ‘during the two semesters of the academic

Ed
&

year 1972-73. The results dre shown in table-1l. The exam was

were taking summer courses at the same time as the exam, Or were
out of the country. The difference between the number of students
considered in the Biology, Chemistry, and Physics sections and in

a

exams. : ‘ - : ’

It would be risky to draw quantitative conclusions from the

results of this exam given_thevlack of precedent'in the regular - —

)

results were f&f'above the best expectations of the professdrs
that prepared the exams. The averages correspond from lower Ea .

hlgher, to the order in which the different materlal was presented

~"‘3‘_n the course. Physics was mostly grouped‘ln the first semester, ' 2

‘Biology in the.second, with.Chemistry bridging the gap between . - ﬂ.
them. The exam was answered anonymously. ' )

wWith the aim of‘pollin@ the feelings of‘the students about
the, program, ‘at the'endvof‘the course they mere asked to submit
anonymouslx wrlttcn oplnlons over the course, puttlng pr1nc1pal

'\

emphasis on things which they had not liked, and pdints where

4 "‘;
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N

FINAL DIAGNOSTIC TEST

&

Biology . Physics Chemestry Total
NOF F(%) N F F(%) - N F F(%) N oOF F(%) -
85 1 '3.13 - 62 2 '5.88 80 1 2.44 -~ 78 1 2.63
72 1 3.13 60 2 5.88 - 76 1 2.44 69 1 2.63 )
66 2 6.25 58 3 8.82 66 1. 2.44 68. 1 2.63
65 3 9.38 S56. 2 5.88 58 2 4.88 : 65 1 2.63
63 5 15.63 50 3. 8.82 56 -3 7.32 63 1 2.63
.62 -1 3,13 48 2 5:88 52 1 2.44 61 1 2.63
57 1 3.13 46 1 2.94 50,4 9.76 5% 2 5.26
D32 R6.25 42 4 11,76 48. 1 2.44 57 3 7.89
h2 1 3013 40 3 8.82 46 7 17.07 5S4 2 5.26
51 1 3.13 38 3 8.82 44 4 9,76 53 1 2.63
S0 1 3.13 34 1 2.94 - 42 2 4.88 51 2 5.26
49 2 6.25 - 32 1 2.94 40 3 T7.32 50 2 5.26
48 1 3.13 26 2 5.88 38 2 4.88 49 2" 5.26
43 1 3.13 24 1 2.94 36 4 .9.76 48 4 10.52
42 1. 3.13 22. 1 2.94 34 1 2,44 47 1 2.63
40 1 3.13 18 1 2.94 32 1 2.44 46 1 2.63
38 2 *6.25 ° 14 2 5,88 30 2 4,88 <41 1 2.63
34 1 3,13 .28 1 2.44 . 39 1 2.63
33 1 3.13 S . 38 4 10.52
30 -1 3.13 .. , 37 1 72.63
24 1 3,13 : ) i : © 36 1 2.63
19 1 3.13 o . N 234 1 2.63
' - ) 251 2.63 -
' ‘ : . ' - 24 1 2.63 .
N: Crades(%)- . ) ; - 211 2.63
~ F: Frequency . *\
No. of students considered: Biology part: 32
. I Physics part: 34
. ) Chemestry part: 41 '
R ' : Whole Test s 38 ?
The mean was, in : Biology 1 52 ,
*  Physics + 42 . e

Chemestry: 46
Whole test:46

CTABLE 11
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~ the cohrse should be 1mproved. Twenty—one.answers were received,
isurpr1s1ngly well wrltten, with spec1flc and clear observatlons

and’ recommendatlons co1nc1d1ng almost completely with those of

. the participating professors. e

All praised the course and;felt satisfied to have‘parti—
cipaced in it. ALl believed that_they‘haVeatinished with a
better preparation than if they had followed the normai system
except in one case, who found that he would have been the.same.
All rndlcated, as the pr1nc1pal defect the lack of:organization,
the daily delay in the delivery of materlal ahd problem sets.

All ihdicated the,neoessity of using the laboratory more,vand'

of incneasing the nﬁmber of exams so that there should_not be
an aocumulatioh’gf too ﬁuoh material for -each one. All.praisedv
the use of inVitea lecturersL and scme were sorry that these
should not have been used with greater frecuehcy..'Surprisinély,
'there.Qere.students who ihoicated that the program should have
been more rigid, more difciplined; and less liberal with the-par—
‘ticipating students. In some cases it wars suggested that students
should be seleotedifroﬁ among'the best in the faculty, and that a
smallexr group shoald be used\in teaching.

A=point that is worthy of special attentionvis the perennial -
fear. In some cases it should be clasified as panic, which the |
students have of the grades in apy period of the year,.especialiy
at the end of eaChgsemestero‘ For all practical purposes the graaes
that the students receive in the bas%; ooﬁrses in the.second vear

decide how, when, and with what average he is.going to graduate.

N

48




.Consequently, at least the student believes that these grades will

decide his future. In the normal system of separate courses, this

average is produced in stages. . In the.case of the~interdisoiplina—.
‘ry course it is produced instantaneously,'releaving the enormous.

. ) G :
and abnormal pressure which the grade average exerts over our

.

students. > The spectre of the School of Medicine haunts the faculty .

A

for the former. This is the reason why at the end of the course/.

faced With the imminent release of the grades, the students of
5
the program organized themselves, using the most varied and valid

2 . -

arguments to conVince the corresponding academic authorities that

3

the students should only be graded With “pass" or "fail".

| It will be premature,at this moment to pass a'definitive.
judgement on the value of the experimental course, without a.pre*
vious follo -up of’ the partiCipants which analyéesctho subsequent
work.' This is a pending task for the next academic year.

5. Participating Professors ?
Program Director: Prof. Amadcr Cobas, Physics Debartment
Prof{_Gladys Escalon& de Motte, Biology Department‘
Prof. Alec Grimison, Chemistry Department
Prof. Manuel Torrens, Physics Department (2nd. semester)
Prof. Carlos Machin, Physics Department,>(Coordinator)

" Visiting Professors: . 3 f, ' -
vProf. Hilda Aboy de Buso, Biology Depaitment

-« Prof. Evelina Ortiz, Biology Department

Prof. Edna Mendez de Oxtiz, Biologj Department

: N

Prof. Fernando Renaud, Biology Department
Prof. ;arry Liddle, Biology Debartment

prof. Luis Veguilla, Chemistry Department

Q u - : Ll:’ : i_b




Prof. Gerald-SteVensoh, Chemistry Department

Prof. Osvaldo‘Rodriguez, Chemistry Department
) Prof;'George Rubottom, Chemistry ﬁepartment;

Prof. Alfredo Torruella, Physics Department

Prof. Ronald Selsby, Physics Department

Prof.'Richard Clemens, Puerto Rico Nuclear Center

Prof. Vilma Toro de Suarez, ‘Bayamon Reglonal College, UPR

In thlS summary are included the professors who

offered the special e>per1mental projects : '_-, ’ ©

>

3. Recommendations and Observations

The course should be offered again during the

academic year 1974—75, the 1ntermed1ate year should be used to

refine the presentationfof the topics, completely redeslgn the £

egperimental section and prepare the printeéed material, lectures,

a

problems sets, articles, etc., which areé going to be_handed over

to the students. This widl.cure the most important faults, thé&

2
.

’ laboratory and® the organization of the written materialf which

-

. A g{ . - ° - b . . - . .
were found in the first 'presentation of the interdisciplinary
course. T

If this recommendatlon is accepted it would be convcnlent

to deslgnatc as soon as posslble the . flxed professors for the

i

.program,  so that‘they could familiarize ‘themselves with the course

and introduce the variations which they feel necessary without
pressure of time. : = .

From. the experience galned the course can be developed

uslng ten hours a week - two hour sections flve days of the week -

for two-semesters, for a total of 18 credits, 9 per semester. This




. - ig -

v w2
. . “

will represent a reduction of five hours a week. compared to the
original course offered in the academic. year 1972;73, and will

free six credits for the different programs of the Faculty of

Natural Sciences. T . . p
-+ It is recommended that the experimental section be offered
'during'the>second semester in an intensiye form'in three hour

\ sectlons, four days a week from Monday thru Thursday, for ten
N\, ¢ -
}\' weeksL ‘giving a total of 120 hours in the laboratory. This would

\ not carry separate.credits and would be a requisite'of‘the course.
It is convenient’ to continue the habit of,Using visiting’

lec turers in the presentatlon of certain speclal toplics, since

- " apart from the interest that thJs'awakes 1n the students, they
are of' red a unique educational experience. In thlS sense the
collabijation ot‘the Graduate Faculty in the design and‘implemen—
tation of'tte experimental section, as Well as the use ot some of
thelr equlpmeht facilities, would be very valuable.

It is recommended that the course should be offered to

‘voluntary students in number not less-than 60, nor more than lOO,

d1v1ded into two sectlons. In this sense it would be useful if

- one of the sections were composed of second year studénts from the

\ ’

General Studles Faculty, and the other'from Students who have en-’
\

~

tered dlrectly into the Faculty of Natural Sciences in their flvsti
. year. For evaluatlng purposes it.would be convenlent that the
particlpants'should carry no\less than 18 credits per semester, 12
in Natural Sciences Faculty and 6 in oLher faculties, which is the

C e -~

number” of credits which the average students of Natural Sciences

.t

A




-

s, ' take in their-second year.' This practice was followed during the

| presentation of the interdisciplinary course in the»academic year
1972—73 since the‘participants took 9 credits in addition to those -

in the program + The preparation of fixed'basic programs; so that

the part1c1pat1ng students would only have to add the elective
ass1gnmeﬁ%s to these, would extraordlnarlly fac1lltate the sub- :
sequent work of eyaluatlon in future.years. ‘
- One point to indicate is that the greatest difficulty met
within multidisciplinary‘courses such as the one we are d;scussing
is- the integration in a iogical way of the descriptiye-sections of
.Biology. This is a problem whose solution Ais difficult, and.that‘
only time and the increasing use of Mathematics in‘Biologyxcan
help to soive. . - | |
Finally the preparatlon and 1mplementat1on of the interdis- o
c1p13nary course uncovered a series of problems which affect all
programs in the Faculty, 'so that is useful to consider them in a

.certain amount of detall. o” - o

Tn the spring of 1971, of the 524 students who took”the en- =

e

trance exam for Natural Sciences, .64.31% - (337) - had intentions,//.
Cof" studeylng med1c1ne or related careers, 19.28% - ,(101) --Blology,

4,965 - (26) - Chemistry, 3.05% —_(16) - General Degree,;2.8§% -,

(15) —.Mathematics; 1.34 - (7) - PhYSlCS/ nd 0. 58/’— (3) Veteri—

nary Studies. 3.62% - (19) - elther did not knov what thej were
going to do, or were not willing to state it. If we allow ror the
fact that a slgnlrlcantrpercentage of the students who ehpress a
des1re to specwallae think of subsequently g01ng to the Medlcal

oK . School, it is possible to state that 70% or more of ‘the human re-.

sources of the Faculty of Natural Sciences are committed at least




in principle to the Medical Studies. Considering that for the
academic year 1973-74 of 470 qualiﬁied applicants, the School of
Medicine could only admit 118, to which we‘have to add 100 admitted

to schools in the United States, Dominican Republic, Mexico, and

Sparn*; we can conclude that the principal mission of the Faculty
of Natural-Sciences is, in fact, to act as a sieve for the Medical

school. . . S > »
“Intimately linked to the previous is_the problem'of maintaining
>' - . ‘ ) p : . . )
an index as close as posslble to 4.00, not as a manifestation of

'knowledge, but rather as the key for access to graduate programs in
generaP, and to Medicine in partlcular. Given that the average

¢

tends to drop substantlally after the students have ,spent one

year 1n the Faculty of Natural Sciences, “the only alternatlve open
to the student is to take the sections and ass1gnments that the
students slang. quallfles, with or w1thout truth, as Wto raise

1
thelr average leen that the prlmary mlss1on of the Faculty is .

b‘

formatlve, and only selectlve in the second 1nstance, 1t is recommen-

1

ded that the possibility be studled of 1nplement1ng a system of '

5

using "pass or -"fail". as the only grades in all the basic courses
in the°Faculty' This‘will permit a decrease of emphasls on the

averages, the pressure of selectlon, and Wlll increase the stx 1ctness

h N . . « . 4

N

Pl

*From 1nformat1on provlced by Dr. H. Lugo, Dlrector of the Office
of Studiés related to Medicine, certificates wene provided for 7@
students tostudy in the Dominican Republic, Mexico, and Spain.
For. the United States a certlflcate is not required,, so that
theére are no exact numbers of the Students who mlght have moved
to the ﬁalnland to continue their studies. However, given the -
requlrements "of the North Bmerican Medical Schools for admission,
the total fBumber of 100 students in Medicine, per year, out51de
of Fuerto RlCO seems a reasonable estimate.
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o : Tne Jnterdlsc1pllnary course owes its eywstance to the '

! students when they pass from second to thlrd or to fourth year. R

. c .

This w:ll have benefits in terms of a better educatlon for - thc

students, and contrlbute to the eradication of thercurrent phobJas,
with regard to the grade averages.\ ST e e
Ih the same veln, it would be convenlent if the perlod of

. v
grace hefore droplng a class, except 1n the case of a total.aban- N

- -

donment, should be reduced to flve weeks. Also the fall grades,

or their eguivalents 'F and D, should be removed from the. students
\

academic transcrlpt once the student has" demonstrated hlS profl—

*

c1ency in the correspondlng‘materlal .
. r'“ " \ .
. ‘The counsellng system operatlng in the ‘Faculty is in the
» » l N
best of.cases, inefficient and in the worst, tragic. Ianractice,
) ! = . :

face to face with the student counselors are simply dispensers
of class tlckets, and custodlans of. the Dean's seal in the matyri-

culatlon period.* It is recommcnded to study ,the p0551blllty that

[N

the counsellng system be transformed from an admlnlstratlve ohe

1nto an academic one,'and that there should ex1st a dirett, rela-

A}
l 0.

'tlonshlp bet&een the counselors at dlfferent levels, - in such a
. \ ¥
'way that there mlght be contlnulty in the advrce glven to the ;3
- S

A4
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